the European directive 98/79/Ec for in vitro diagnostic medical devices (IVd) regulates marketing and post marketing surveillance of IVd in the European Economic area. Manufacturers have to inform the responsible competent authorities (ca) about incidents and field safety corrective actions (FSca) related to IVd. In germany, the Federal Institute for drugs and Medical devices (BfarM) is the responsible ca for most IVd, only few IVd as specified in annex II of the directive are under the responsibility of the Paul Ehrlich Institute (PEI). In case of a FSca manufacturers have to inform customers by means of a Field Safety notice (FSn) which should be sent to BfarM prior to release and is published on the BfarM homepage. Between beginning of 2005 and end of 2007 the BfarM received a total of 1025 reports regarding IVd. From these, 38 related to tests, reagents, calibrators, and control materials for infection testing, 13 related to analysers and general consumables (n = 8 and n = 5, respectively) based on culture techniques, and 7 related to analysers and general consumables (n = 5 and n = 2, respectively) based on molecular biological methods. FSca were performed in germany in 32 (84.2%) of all notifications related to tests reagents, calibrators, and control materials as well as in 13 (100%) and 7 (100%) of notifications related to analysers and consumables based on culture techniques and molecular biological methods, respectively. a number of relevant deficiencies regarding the quality of the FSn were separately demonstrated for FSn in german and English language. In brief, manufacturers often sent their FSn to the BfarM with delay. additionally, a subset of FSn provided insufficient information on the product related risks or the measures to be performed by the customer to mitigate product related risks. Furthermore, customer confirmation forms often were missing in the FSn sent to the BfarM. our data suggest that for IVd for infection testing FSca and FSn are frequently performed. For better vigilance performance, manufacturers could shorten the time until release and improve the contents of FSn to ensure the safety of IVd in cases of product related corrective actions. . However, our evaluation is based on the national regulations as current during the analysed time period. the regulations, in brief, ensure that manufacturers have to perform a conformity assessment of their IVd and maintain a post market surveillance process for their products including a vigilance reporting system for adverse incidents. For most IVd, except a subset of those listed in annex II parts a and B of directive 98/79/Ec and tests for professional use, for which a notified Body has to be involved, manufacturers perform the conformity assessment completely under their own responsibility. the successful completion, including documentation of the conformity assessment, is an obligatory prerequisite for cE labelling, followed by marketing of the product in the European community (Ec) and the EEa. Prior to marketing, manufacturers have to notify the national ca of all countries in which they plan to introduce their product into the market. Eur J Med Res (2010) 15(Suppl. II): 175-183 
IntRodUctIon
the European directive 98/79/Ec regulates the conformity assessment, marketing and the post marketing surveillance of in vitro diagnostic medical devices (IVd) within the European Economic area (EEa) [1] . the regulations of the European directive have been implemented in germany by means of the 2 nd amendment to the german Law on Medical devices (Medizinproduktegesetz, MPg) on January 1 st 2002 [2] . this has been supplemented by the ordinance on the Medical devices Vigilance System (Medizinprodukte-Sicherheitsplanverordnung, MPSV) from June 24 th 2002 [3] and the ordinance on Registration of Medical devices (dIMdI-Verordnung, dIMdIV) from december 4 th 2002 [4] . Even though up to now there was no recast of the directive 98/79/Ec the national german regulations were updated recently, incorporating changes as mandated by directive 2007/47/Ec [5] . However, our evaluation is based on the national regulations as current during the analysed time period. the regulations, in brief, ensure that manufacturers have to perform a conformity assessment of their IVd and maintain a post market surveillance process for their products including a vigilance reporting system for adverse incidents. For most IVd, except a subset of those listed in annex II parts a and B of directive 98/79/Ec and tests for professional use, for which a notified Body has to be involved, manufacturers perform the conformity assessment completely under their own responsibility. the successful completion, including documentation of the conformity assessment, is an obligatory prerequisite for cE labelling, followed by marketing of the product in the European community (Ec) and the EEa. Prior to marketing, manufacturers have to notify the national ca of all countries in which they plan to introduce their product into the market.
after the initial marketing of a product, manufacturers are obliged to systematically review the performance of their devices in the market, to report incidents and to implement field safety corrective actions (FSca), including recalls as necessary. these are to be reported to the responsible ca for vigilance. In germany the Federal Institute for drugs and Medical devices (BfarM, Bundesinstitut für arzneimittel und Medizinprodukte) and the Paul Ehrlich Institute (PEI) are responsible for collection and evaluation of incident reports related to IVd. the PEI is responsible for a subset of IVd for infection testing and immune haematological testing as well as tissue-typing listed in annex II of directive 98/79/Ec [1, 3, 6] . although, even for reagents and tests under the responsibility of the PEI, the laboratory analysing equipment on which these tests are run are within the responsibility of the BfarM (see table 1 ). consequently, both ca work closely together in risk evaluation of products for immune haematological testing and infection testing to ensure product safety of IVd and blood products.
according to the MPSV, professional operators and users of IVd have to report incidents to the ca which they observe during application of the products [3, [7] [8] [9] . the same obligation applies to pharmacies and other retail traders if incidents related to over the counter-products (otc-products) sold by them come to their attention. When performing the assessment, it is the task of the ca to characterise the risk (in terms of probability of occurrence of harm and severity of the harm) and to assess it for acceptability. this process is initiated after risk assessment and mitigation by the responsible manufacturer. In case of unacceptable risk levels, the necessary corrective action needs to be determined and executed. If manufacturers have already taken the measures under their own responsibility, the ca decides whether these are adequate for risk mitigation. any necessary field safety corrective action (FSca) performed by the manufacturers must be effectively communicated to all customers and users in the market. this is typically done by field safety notices (FSn), which need to be communicated to the vigilance ca for the information and publication via the internet. the requirements for FSn are described in the guidelines on a Medical devices Vigilance System [8] . In brief, FSn from manufacturers clearly need to address the underlying problem and describe measures to minimise the product related risk. Further, the FSn should include the communication information for contact in case of questions and a form sheet to be sent back to the manufacturer to confirm the receipt of the FSn by the customer may be included. Manufacturers are not allowed to include any type of advertising for their products in a FSn. 1 IIb BfarM
Products for self testing:
Systems for measurement of blood glucose 1 IIb BfarM as cE-marked devices can be moved and marketed freely in the entire Ec and EEa, there is a need for an effective information exchange between national ca, in particular when FSca are initiated. the IVd-directive therefore requires that European ca exchange with each other and the European commission information on issues that led to corrective actions. Having been informed by a national competence authority Report, all ca can monitor the corrective action in their area of responsibility and evaluate whether similar products of other manufacturers may also be affected by the observed problem.
Up to now, only a few data have been published analysing the number of cases reported to BfarM or PEI and evaluating the results of the market surveillance system. these publications provide data regarding the sources of notification as well as underlying product failure modes and the resulting corrective actions for specific IVd [10] [11] [12] [13] [14] [15] [16] [17] . However, there are no published data analysing the quality of FSn in cases of FSca. the aim of our study was, therefore, to analyse in detail FSn for products for infection testing in regard to their time of publication and the quality of their information. this product group is of special interest, because of their wide distribution and role in public health maintenance.
MEtHodS
all notifications on IVd received by the BfarM between the beginning of 2005 (the beginning of publication of FSn on the homepage of the BfarM) and the end of 2007 were included. detailed analysis was made for tests and reagents for infection testing (including special culture media (e.g., for susceptibility testing), calibrators, and control materials) except those lying in the responsibility of the PEI as well as analysers and their general consumables (e.g., buffers and general culture media) based on culture methods or molecular biological methods. In cases of analysers and consumables based on molecular biological methods only those cases affecting the safety of infection testing or laboratory personnel were included whereas a few subsets of cases for other testing were excluded. a large number of cases related to analysers based on immunological methods were excluded because these analysers are frequently multifunctional analysers serving predominantly for diagnostics in clinical chemistry (enzymes, substrates, electrolytes, proteins, hormones and therapeutic drug monitoring). analyses of the included cases were made in specific subgroups of the products regarding the types of the product (analysers vs. consumables) and the underlying analytical principles (products based on cultural, immunological and molecular biological methods) in order to provide more detailed data regarding the product failures, the corresponding corrective measures and the FSn.
RESULtS nUMBER and SoURcES oF REPoRtS
Within the observation period, BfarM received a total of 1025 reports. the annual number of reports increased from 207 in 2005 to 583 in 2007. the vast majority of reports were received from manufacturers. In contrast, the number of reports from other sources, e.g., other ca and users were negligible. However, there were no relevant differences between the product groups with regard to the source of notification to the BfarM.
PRodUct gRoUPS
From a total of 1025 notifications, 58 (5.7%) affected products for infection testing included into our study. From the latter, 38 notifications were related to tests, reagents, calibrators, and control materials (predominantly IVd based on cultural or immunological methods), whereas 20 were related to the included analysers or general consumables. analysers were more frequently subject of notification than their consumables (13 vs. 7, respectively). In addition, there were more reports on analysers and consumables based on cultural methods than for those based on molecular biological techniques (see table 2 ).
PRodUct FaILURES and coRREctIVE actIonS In tEStS, REagEntS, caLIBRatoRS and contRoL MatERIaLS
In the group of tests, reagents, calibrators, and control materials the underlying root causes of product failures were identified in 34 cases (89.5%). In the remaining cases, the root causes were not identified (n = 2, 5.3%) or a product failure was definitively excluded by the investigations of the manufacturers (n = 2, 5.3%). none of the reported cases were caused by a user error. Most frequently, the underlying root causes of product failure were manufacturing errors, material defects, miss of specification, labelling error, and microbial contamination, whereas other causes played EURoPEan JoURnaL oF MEdIcaL RESEaRcH november 4, 2010 177 Table 2 . analysers and their general consumables included into the study (n = 20).
Product based on cultural or Product based onmolecular total no. of products biochemical methods or staining 1 biological methods 2 analyser 8 5 13 consumable 5 2 7 total no. of products 13 7 20 only minor roles (see table 3 ). In 32 cases (30 cases with identified root causes and 2 cases in which the underlying root cause remained unclear) field safety corrective actions (FSca) were performed by the manufacturers (see table 3 ). corresponding corrective actions were performed in 33 cases (86.8%) and were predominantly customer information, recall (in case of a recall a customer information is mandatory) and modification of production and/or quality management whereas other corrective actions were much less frequent. a subset of cases with consecutive FSca (n = 32), which served as a basis for the FSn analysed in this study, was not different (see 3 0 0 1 Multiple entries for the different subgroups of corrective actions were allowed; 2 alone or in combination with a recall (in case of a recall customer information is mandatory); 3 Education of a single customer, e.g., after a user error was not defined to be a customer education. Fig. 1 ). In the vast majority of the received german FSn (n = 29), the product failure and the required measures to be performed by the customer were sufficient. However, only in 24 cases a customer confirmation form was part of the FSn (see table 5 ). Even in 25 of the received English FSn, there was a sufficient description of product failure and the required measures to be performed by the customer. However, customer confirmation forms were part of the FSn in 18 cases only (see table 5 ).
PRodUct FaILURES and coRREctIVE actIonS anaLySERS and gEnERaL conSUMaBLES no relevant differences were observed between analysers based on cultural and molecular biological methods, and their corresponding general consumables, respectively. therefore, in our further analyses we did not differentiate with regard to the underlying analytical principle. analysers were more frequently subject of a notification to the BfarM than their general consumables. In the 13 notifications related to analysers, a software error has been identified to be the cause in 12 cases (92.3%); the remaining case (7.7%) was due to a user error (see table 6 ). a different behaviour was observed in consumables, where 6 cases were caused by a product failure and one further case by a user error. However, in this group there was a very different pattern of underlying root causes of the reported product failures (see table 6 ). corresponding FSca were performed in all cases (n = 20). there were no differences regarding the type of the FSca between analysers based on culture methods, on the one hand, and those based on molecular biological methods, on the other hand, and their general consumables, respectively. therefore, no differentiation regarding the underlying analytical technology was made in our analysis. However, there were strong differences regarding the types of the performed FSca in analysers and general consumables. In detail, the vast majority were customer information (mandatory in cases of recall), soft wareupdate, and recall (of the affected software) in analy- sers, whereas other measures were of very low frequency (see table 7 ). In contrast, in the group of general consumables beside customer information and recall a broader spectrum of corrective measures depending on the identified root causes was observed (see table 7 ).
FIELd SaFEty notIcES In caSES oF FIELd SaFEty coRREctIVE actIonS In tEStS, REagEntS, caLIBRatoRS, and contRoL MatERIaLS FSn were analysed as described above. Some differences were observed with respect to the time delay within the different groups. In the group of culture based analysers and consumables, german FSn were received in all cases (n = 13) without any delay and without any differences between analysers and their consumables. English FSn were also received in all cases (n = 13). However, only about 50% of the FSn were received without a delay and the delays were longer in the subgroup of consumables (delays between 7 and 98 days in 4 of the 5 cases) than in the subgroup of analysers (delays up to 16 days in 2 of the 8 cases) (see Fig. 2a and B) . a different behaviour was observed in molecular biological analysers and their general consumables. In this group german and English FSn were received in 7 and 6 cases (one missing FSn in the subgroup of consumables), respectively. However, german FSn were more frequently received with a delay (delays between 9 and 72 days in 5 of the 7 cases, two cases without a delay in the subgroup of analysers) than English FSn (no delay in 5 of the 6 cases, one delay in the subgroup of analysers) (see Fig.  3a and B). the quality of FSn was analysed in the same groups and subgroups of analysers and their general consumables. For culture based analysers and their consumables, german FSn sufficiently described product failures and required measures in all cases (n = 13) and the customer information form was part of the FSn in 11 cases. corresponding English FSn also described product problems and required measures sufficiently in all cases (n = 13). However, the customer confirmation form was part of the FSn in 9 cases only (see table 8 ). In the group of molecular biological analysers and their consumables, german FSn were received in all cases (n = 7) and provided sufficient information regarding the product failure and the measurers to be performed in 6 cases. the customer conformation sheet was missing in 2 of the FSn in german language. English FSn were received in 6 cases providing sufficient information in 5 cases. However, only in 2 of the English FSn a customer confirmation sheet was included (see table 8 ).
EURoPEan JoURnaL oF MEdIcaL RESEaRcH 180 november 4, 2010 Table 7 . corrective actions for analysers and general consumables for infection testing (n = 20).
type of corrective action all analysers all general consumables n (%) n (%) number of cases 13 (100) 7 (100) no corrective actions 0 (0) 0 (0) corrective actions 1 13 (100) 3 1 0 1 Multiple entries for the different subgroups of corrective actions were allowed; 2 alone or in combination with a recall (in case of a recall customer information is mandatory); 3 Education of a single customer, e.g., after a user error was not defined to be a customer education. there is an unknown rate of underreporting (from manufacturers and their distributors and especially from users of the affected products) which even cannot be assessed by estimation. Prior analyses of our group have shown that about 5.0% of notifications were related to laboratory analysers and their general consumables for testing of infectious diseases (including analysers based on immunological methods) [6] . In addition, about 10% of notifications were related to reagents for testing of infective diseases which are in the responsibility of the BfarM [15] . this demonstrates that products for infection testing are an important group within the group of all IVd. the relevance of these IVd is further increased as these products play a significant role in Table 8 . Quality of FSn in cases of FSca related to analysers and general consumables for infection testing (n = 32). public health due to the epidemiologic character of infective diseases. In our prior publications we have made detailed analyses of the sources of notification to the BfarM, the underlying product failures, and the consecutive corrective measures performed by the manufacturers [6, 15] . only a minority of corrective actions was made internally by the manufacturers without directly affecting the customers. these measures typically improved the safety of future products or product batches which were not in the market at this time. In contrast, most of the corrective actions were field safety corrective actions (FSca) affecting products already in the market. In these cases, manufacturers are obliged to inform customers by means of a field safety note (FSn) in order to minimise product related risks. In cases of product recalls FSn are mandatory. the requirements of FSn are described in the guidelines on a Medical devices Vigilance System [8] . to ensure a rapid minimisation of product related risks these shall be rapidly sent to the customers. However, prior to their distribution in the market FSn should be sent to the responsible ca to ensure that it fulfils the requirements regarding their quality (sufficient description of the product problem and the measures to be performed by the customer (e.g., to discard the product, to enforce additional control mechanisms, to retest patient samples), contact data (e.g., product hotline), and provision of a customer confirmation form. the notifications included in our recent study are a subset of the notifications analysed in our studies before. therefore, there are no relevant differences regarding the sources of notification, the underlying product problems, and the consecutive corrective measures performed by the manufacturers [6, 15] . as expected FSca were performed in the vast majority of cases. However, in the group of tests, reagents, controls, calibrators, and culture media FSca were performed in only 32 of the 38 cases (84.2%), whereas FSca were performed in all of the cases related to analysers and their general consumables (n = 20). Likely, this was due to the more specific and broader risk pattern in the latter product group.
Received
FSn were received in a higher number in the german than English language. this can be explained by the legal requirements according to the MPSV in germany [3] . In brief, manufacturers are obliged to provide a german FSn for their products marketed in germany, whereas providing an English FSn for publication on the BfarM homepage is voluntary. only in about half of the notifications followed by FSca, FSn were received without a delay, i.e., together with the notification to the BfarM. In several cases, german and English FSn were dated before the notification to the BfarM, even though there was a delay and there were different dates of german and English versions of the FSn. In the group of tests, reagents calibrators and control materials for infection testing, there were obvious differences between the german and English FSn regarding the time of their receipt by the BfarM. In the group of analysers and their general consumables, we observed differences between the subgroups of IVd based on culture techniques and molecular biological methods. In detail, german FSn in cases of culture based analysers were received without a delay, whereas relevant delays were observed for the corresponding English FSn. In contrast, in cases of FSca for molecular biological analysers and their general consumables, most English FSn were received by the BfarM without a delay, whereas relevant delays were observed for german FSn. due to a small number of cases in both subgroups, it cannot be clarified if this observation reflects product specific characteristics or if it is a chance finding caused by an uneven distribution of international manufacturers within these subgroups. However, analysis of the delay times for german and English FSn clearly demonstrates the necessity for their further optimisation with respect to the time of their provision to the BfarM.
In our study we also analysed the quality of information of german and English FSn. In all groups and subgroups included in our study the vast majority of FSn sufficiently described the product related risk and the measures to be performed by the customer in order to minimise the risks. no relevant difference was observed regarding the quality of the information between german and English FSn. However, in a small subset there were differences between the german and English FSn, which were caused by addressing specific local differences of customer qualification and product use. this demonstrates that for a few cases it is necessary to consider these specific aspects in FSn. advertising played no role in all FSn analysed in our study. Likely, this is due to the professional use character of all IVd for infection testing included in our study and products for lay use might be more prone to advertising by manufacturers. customer confirmation forms were frequently not included in all groups and subgroups of german and English FSn. In our view customer confirmation forms may be a useful part of FSn in order to facilitate documentation. therefore, manufacturers should include customer confirmation forms in their FSn.
In our study investigating FSn we have focussed on a specific aspect of the European surveillance system for IVd. Prior publications have shown that the system is functioning, even though it should be further improved in some points (e.g., underreporting of incidents especially from users and reduction of the time delay prior to the reporting of incidents to the responsible ca by the manufacturer). In cases of FSca customer information is essential for minimisation of product related risk. FSn play a crucial role as they describe the product failure and the measures to be performed for risk reduction. therefore, FSn should be provided more rapidly to the ca and the affected customers.
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